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Abstract
A catalyst of the nanosized perovskite-type La0.8K0.2MnO3 (denoted as LKMO) was prepared by citric acid
complexation method. The catalyst was characterized by X-ray diffraction analysis (XRD), scanning electron
microscope (SEM) and surface area and porosity analyzer (BET). Results showed that the LKMO catalyst presents a
rather regular porous structure, in which the pores are distributed from about 50 to 700 nm. The bench test was
carried out, and the effect of temperature on the reduction of NOx and PM in diesel engine emissions over LKMO
catalyst had been investigated. The result shows that the LKMO catalyst exhibits good activities for the simultaneous
removal of NOx and soot.
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for
Automobile, Power and Energy Engineering
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1. Introduction
Diesel engines are much more attractive than gasoline engines, since they offer enhanced fuel
economy, low operating cost and high durability. However, nitrogen oxides (NOx) and particulate matter
(PM) in diesel exhaust cause serious environmental pollution and health problems. NOx is formed from
nitrogen and oxygen by the action of combustion processes, including nitrogen dioxide (NO2), nitric
oxide (NO), nitric acid, nitrous oxide (N2O), nitrates and other related compounds. They can cause a
variety of health problems, such as respiratory distress. PM is caused by the incomplete combustion of
carbon or organic compounds. The PM with a size of 0.1-0.5μm can lead to a variety of chronic diseases,
such as emphysema, skin diseases and morbid disease, when they are directly inhaled into the human
body. Therefore, many countries have established more increasing stringent emission standards for the
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removal of NOx and PM. Gasoline engines generally employ three-way catalytic converter (TWC) which
offers NOx reduction rates as high as 99%, but this performance is possible only at the stoichiometric air-
fuel ratio. However, the current TWC is ineffective under the oxygen-rich environment of diesel exhaust.
Soot is a potential carcinogen and its effective control is an important target for diesel engines. The most
promising approach to reduce soot is using Diesel Particulate Filter (DPF). However, the effective
regeneration of DPF is the challenge for its practical feasibility. Many other technologies have been
proposed for NOx and soot removal, but in the aspect of the simultaneous emission control, especially at
low temperature, is still need to be further studied. In recent years, the perovskite-type catalytic
technology has received more attention due to its excellent performance for simultaneous NOx and soot
control. Teraoka et al. found that La–K–Mn–O3 perovskite-type catalyst is good catalysts for the
simultaneous removal of diesel NOx and soot under tight conditions between catalysts and soot particle [1].
Several authors reported that perovskite-type oxides are active for the simultaneous removal of NOx and
soot [2–6].
In this work, the nanosized perovskite-type La0.8K0.2MnO3 (LKMO) catalyst was prepared by citric
acid complexation methodand its characteristics were tested by means of XRD, SEM and BET. Their
catalytic performance toward the NOx and soot removal has been investigated based upon the bench test.
And the effect of temperature on NOx reduction was evaluated.
2. Experimental
2.1. Catalyst preparation
Appropriate amounts of La (NO3)3·6H2O (AR), C4H6MnO4·4H2O (AR), K2CO3 (AR) and citric acid
(AR) were dissolved in a certain amount of distilled water with a continuous magnetic stirring. Citric acid
was added in a 10 wt. % excess to ensure complete complexation of the metal ions. The pH value was
adjusted to 8.0 with ammonia. The solution was stirred for 24 hour at room temperature. The commercial
honeycomb ceramics (diameter=35 mm; length=50mm; 400 cells per square inch) was dip-coated in the
prepared sol and excess liquid was removed by a rubber suction bulb. Each dipping was followed by a
subsequent heating at 573 K for 60 min. The coating and heating procedures were repeated several times,
until the desired loading was obtained. Finally, the ceramic monoliths were calcined at 973 K for 6 h and
the synthesis reaction induced in situ. The load of catalyst deposited was assessed by gravimetric analysis
and resulted equal to 9 wt. %.
2.2. Characterization
The LKMO catalyst was examined by X-ray diffraction (XRD) for the structure determination using
Bruker D8 advance powder diffractometer in the scanning angle range 2θ=1080° with Cu Kα radiation
(λ1.54187 nm). The morphology and chemical components of catalyst were characterized with JSM-
7001F SEM and Inca Energy 350 EDS. The specific surface area of the catalysts was measured with
NOVA 2000e BET
2.3. Experiment method
A tubular heater was used to heat the exhaust gas and the program controller was used to control the
temperature ranged between 100~400. The Testo 350 flue gas analyzer was used to measure the
concentration of NO, NO2, CO, CO2, O2 in the outlet gas in time. AVL 4000 smoke meter was employed
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to measure soot opacity of exhaust gas. The schematic diagram of the bench test between LKMO catalyst
and reference test was shown in Figure 1.
Figure 1 Schematic diagram of the test bencha, LKMO catalystb, empty carrier
3. Results and discussion
3.1.  Catalysts characterization
Fig.2 shows the morphology of LKMO catalyst. As shown in Fig.2, the LKMO catalyst has a porous
structure, in which there should be three-dimensional tunnels, and the coatings consist of nanosized
particles, ranging from tens of nanometers to hundreds of nanometers, which indicate that the coatings
with the porous structure have a good capture of soot from the exhaust gas emission, a path for diesel soot
to enter the tunnel of them.
Fig.2 SEM morphology of LKMO catalyst
3.2. SEM and EDS of PM
Fig.3 shows the morphology and the EDS spectrum of PM from the diesel engine before and after the
treatment of LKMO catalyst. As shown in Fig.3 (a), a mass of agglomerates certified as the particulates of
PM before LKMO treatment could be observed. Although there had been some physical and chemical
reactions, the crystal structure of the PM sample was complex and had irregular arrangement, which was
considered that the PM had an unstable structure. The diameter of the particle was significantly decreased
after the LKMO treatment, as shown in Fig.3 (b). The EDS spectra of the particulate samples showed the
presence of various elements contained in the particles. Each element was identified by the presence of
peaks at the characteristic spectrum. As it can be seen in Fig. 3(c) and Fig. 3(d), strong signals for C
element are detected, which confirmed that C is a primary element in the soot. Weaker signals for Na, Si,
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S and Zn are also detected. After the LKMO catalyst, C element is significantly reduced as can be seen in
Fig. 3(d).
Fig.3 SEM and EDS of PM before and after the LKMO treatment
(a)SEM-PM before the LKMO, (b) SEM-PM after the LKMO, (c) EDS-PM before the LKMO, (d) EDS-PM after the LKMO
3.3. NOx emissions analysis
Fig.4 shows the NOx concentration from diesel engine as the function of temperature with and without
LKMO catalyst. Without LKMO catalyst treatment, NO concentration was gradually increased, NO2
concentration was decreased and the NOx concentration was gradually increased with the increasing of
temperature, which was mainly because the temperature factor contributed to the reaction of NO2
decomposed into NO, as shown in Fig.4. NO concentration turned to reduce from 300 to 400. The
possible reason was that NO was oxidized to NO2 at the high temperature when LKMO catalyst released
its activity, as can been seen in Fig.4 (b). Under the treatment of the LKMO catalyst, when the
temperature increased from 100 to 150, NO concentration and NO2 concentration were gradually
increased, as shown in Fig.4 (a) and Fig.4 (b). The main reason was that the particles, which absorbed on
the catalyst surface, reacted with the NO2 that was formed on the surface of catalyst surface. As shown in
Fig.4 (c), NOx concentration with LKMO catalyst was lower than that without LKMO catalyst from 100
 to 400, which clearly shows that the LKMO catalyst presented a great performance in NOx removal.
a
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Fig.4 Relations between the NOx emission concentration and temperature
(a) NO, (b) NO2, (c) NOx
4. Conclusions
Nanosized perovskite La0.8K0.2MnO3 catalyst has been prepared by citric acid complexation method.
The LKMO catalyst has a porous structure and shows a capture effect of soot and a catalytic activity for
soot combustion. C element is significantly reduced after the LKMO catalyst treatment. La0.8K0.2MnO3
shows the best comprehensive catalytic performance. With the increase of temperature NOx concentration
was lower than reference test under the treatment of LKMO catalyst. NOx and PM from diesel exhausts
could be simultaneously removed over the LKMO catalyst.
Acknowledgements
The authors thank the Jiangsu Natural Science Foundation (BK20103305) and Jiangsu University
Foundation (10JDG054) for financial support.
References
[1] Teraoka Y, Nakano K, Shangguan W F, Kagawa S. Simultaneous catalytic removal of nitrogen oxide and diesel soot
particulate over perovskite-related oxides. Catal Today. 1996, 27:107–111.
[2] Wang H, Zhao Z, Liang P. Highly Active La1-xKxCoO3 Perovskite-type CompleCatalysts for the Simultaneous Removal of
Diesel Soot and Nitrogen Oxides Under Loose Contact Conditions. Catal Lett. 2008, 124:91–99.
[3] Grundmann J, Muller S, Zahn R J. Decomposition of soot by ozone and nitrogen oxides. Topics in Catalysis.2007, 42-
43:303–305.
[4] Shimokawa H, Kusaba H, Einaga H. Effect of surface area of La-K-Mn-O perovskite catalysts on diesel particulate
oxidation. Catal Today. 2008, 139:8–14.
[5] Ueda A, Yamada Y, Katsuki M. Perovskite catalyst (La, Ba)(Fe, Nb, Pd)O3 applicable to NOx storage and reduction system.
Catalysis Communications. 2009, 11:34–37.
[6] Teraoka Y, Kanada K, Kagawa S. Synthesis of La-K-Mn-O perovskite-type oxides and their catalytic property for
simultaneous removal of NOx and diesel soot particulates. Applied Catalysis B: Environmental. 2001, 34:73–78.
c
b
